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LED LIGHTING APPARATUS AND
CONTROL CIRCUIT THEREOFK

TECHNICAL FIELD

The present disclosure relates to an LED lighting appa-
ratus, and more particularly, to an LED lighting apparatus
and a control circuit thereol which controls i1llumination of
a lamp 1ncluding LEDs using a dimmer.

BACKGROUND ART

According to the recent trend of lighting technology, an
LED has been employed as a light source, 1n order to reduce
energy.

A high-brightness LED 1s differentiated from other light
sources 1n terms of various aspects such as energy consump-
tion, lifetime, and light quality.

However, since the LED 1s driven by a current, a lighting
apparatus using the LED as a light source requires a large
number of additional circuits for current driving.

In order to solve the above-described problem, an AC
direct-type lighting apparatus has been developed.

The AC direct-type LED lighting apparatus generates a
rectified voltage using a commercial AC power supply and
drives an LED. Since the AC direct-type LED lighting
apparatus directly uses the rectified voltage as an 1nput
voltage without using an inductor and capacitor, the AC
direct-type LED lighting apparatus has a satisfactory power
factor.

A general LED lighting apparatus 1s designed to be driven
through a voltage obtained by rectifying commercial power
having an AC voltage.

A lamp of the LED lighting apparatus includes a large
number of LEDs connected in series to each other, and
controls the LEDs connected 1n series to emit light using the
rectified voltage.

Recently, the LED lighting apparatus has employed a
dimmer using a triac, in order to control brightness. The
dimmer 1s generally used to control the brightness of an
incandescent lamp.

When the dimmer 1s applied to the LED lighting appa-
ratus, there may occur a difference between a design value
of the LED lighting apparatus and the characteristic of the
triac used as a part of the dimmer.

The triac of the dimmer has a holding current which may
be changed in response to the characteristic difference. Thus,
when a low-angle rectified voltage 1s provided to the LED
lighting apparatus employing the dimmer including the triac,
an msuthicient level thereof may cause a flicker.

Furthermore, according to the characteristic and use envi-
ronment of the triac included i1n the dimmer, a rectified
voltage having an abnormal waveiform may be inputted to
the lamp at the 1nmitial stage.

When the rectified voltage having an abnormal waveform
1s inputted to the lamp, a flicker may occur in the 1nitial state
where the LED lighting apparatus 1s driven.

The conventional LED lighting apparatus must reduce the
occurrence of the flicker, in order to perform the brightness
control function using the dimmer 1including the triac.

DISCLOSURE
Technical Problem

Various embodiments are directed to an LED lighting
apparatus and a control circuit thereof which employs a
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dimmer using a triac to perform a brightness control func-
tion and 1s capable of reducing flicker which occurs 1n a low

angle region of a rectified voltage.

Also, various embodiments are directed to an LED light-
ing apparatus and a control circuit thereol which employs a
dimmer using a triac to perform a brightness control func-
tion and 1s capable of reducing flicker by skipping an 1nitial
abnormal waveform of a rectified voltage.

Technical Solution

In an embodiment, there 1s provided a control circuit of an
LED lighting apparatus, which controls a lamp divided into
a plurality of LED groups to emit light in response to a
rectified voltage outputted through a dimmer using a tnac.
The control circuit may include: a reference voltage supply
unit configured to provide reference voltages having differ-
ent levels to the respective LED groups; a flicker control unit
configured to provide a control signal 1n response to the
rectified voltage having a low angle corresponding to a
preset low angle region and equal to or less than a preset
level; and a plurality of switching circuits configured to
selectively provide a current path 1 response to light
emission of the LED groups, perform current regulation for
selectively providing the current path by comparing the
reference voltages of the respective LED groups to a current
sensing voltage corresponding to the current amount of the
current path, and turn off the current path in response to the
control signal.

In another embodiment, there 1s provided a control circuit
of an LED lighting apparatus, which controls a lamp divided
into a plurality of LED groups to emait light 1n response to a
rectified voltage outputted through a dimmer using a triac.
The control circuit may include: a reference voltage supply
unit configured to provide reference voltages having difler-
ent levels to the respective LED groups; a flicker control unit
configured to detect an 1nitial abnormal wavetorm period of
the rectified voltage and provide a control signal correspond-
ing to the abnormal waveform period; and a plurality of
switching circuits configured to selectively provide a current
path 1n response to light emission of the LED groups,
perform current regulation for selectively providing the
current path by comparing the reference voltages of the
respective LED groups to a current sensing voltage corre-
sponding to the current amount of the current path, and turn
ofl the current path during the abnormal waveform period 1n
response to the control signal.

In another embodiment, there 1s provided a control circuit
of an LED lighting apparatus, which controls a lamp divided
into a plurality of LED groups to emait light 1n response to a
rectified voltage outputted through a dimmer using a triac.
The control circuit may include: a flicker control unit
configured to provide a control signal corresponding to the
rectified voltage having a low angle corresponding to a
preset low angle region and equal to or less than a preset
level or detect an 1nitial abnormal wavetorm period of the
rectified voltage and provide a control signal corresponding
to the abnormal wavetform period; a reference voltage sup-
ply unit configured to provide reference voltages having
different levels to the respective LED groups, and vary the
output levels of the reference voltages 1n response to the
control signal; and a plurality of switching circuits config-
ured to selectively provide a current path 1n response to light
emission of the LED groups, perform current regulation for
selectively providing the current path by comparing the
reference voltages of the respective LED groups to a current
sensing voltage corresponding to the current amount of the
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current path, and turn off the current path in response to the
level changes of the reference voltages by the control signal.

In another embodiment, an LED lighting apparatus may
include: a lamp including a plurality of LEDs divided into a
plurality of LED groups which sequentially emit light; a
power supply unit including a triac and configured to
provide a rectified voltage to the lamp using an AC voltage
having a phase controlled through the triac; a control circuit
configured to selectively provide a current path 1n response
to light emission of the LED groups, provide the current path
by comparing reference voltages supplied at different levels
to the respective groups to a current sensing voltage corre-
sponding to the current amount of the current path, and turn
off the current path in response to the rectified voltage
having a low angle corresponding to a preset low angle
region and equal to or less than a preset level or detect an
initial abnormal wavetform period of the rectified voltage
and turn ofl the current path in response to the abnormal
wavelorm period; and a current sensing element configured
to provide the current sensing voltage for the current path.

Advantageous Effects

In accordance with the embodiments of the present inven-
tion, the LED lighting apparatus and the control circuit can
perform the brightness control function through the dimmer
using the triac and reduce flicker occurring in the low angle
region of the rectified voltage or flicker caused by an 1nitial
abnormal waveform of the rectified voltage. The LED
lighting apparatus can be stably driven.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a circuit diagram illustrating an LED lighting
apparatus and a control circuit thereof 1n accordance with an
embodiment of the present invention.

FIG. 2 1s a wavelorm diagram for describing the operation
of the embodiment of FIG. 1.

FIG. 3 1s a diagram for describing a method of skipping
an abnormal waveform.

FIG. 4 1s a circuit diagram illustrating a modification of
FIG. 1.

MODE FOR INVENTION

Hereatiter, embodiments of the present invention will be
described 1n detail with reference to the accompanying
drawings. The terms used in the present specification and
claims are not limited to typical dictionary definitions, but
must be interpreted into meanings and concepts which
coincide with the technical idea of the present invention.

Embodiments described 1n the present specification and
configurations 1illustrated 1n the drawings are preferred
embodiments of the present invention, and do not represent
the enfire technical i1dea of the present invention. Thus,
various equivalents and modifications capable of replacing
the embodiments and configurations may be provided at the
point of time that the present application 1s filed.

The embodiments of the present mvention disclose a
technology for controlling the brightness of a lamp 10
including LEDs by applying a dimmer using a triac to a
power supply umt. In the embodiments of the present
invention, the dimmer 1s implemented with a triac 11, but the
present mvention 1s not limited thereto.

Referring to FIG. 1, an LED lighting apparatus 1n accor-
dance with an embodiment of the present invention includes
a lamp 10, a power supply unit including a triac 11, and a
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control circuit. The control circuit has a function of detecting
a low-level rectified voltage 1n a low-angle region or reduc-
ing flicker by skipping an abnormal wavelorm of the recti-
fied voltage at the 1nitial stage, while selectively providing
current path for light emission of the lamp 10.

The lamp 10 1ncludes LEDs divided into a plurality of
LED groups. As described below with reference to FIG. 2,
the LED groups of the lamp 10 are sequentially turned on or
ofl according to a ripple of the rectified voltage supplied
from the power supply unit.

FIG. 1 illustrates that the lamp 10 includes four LED
groups LED1 to LED4. Each of the LED diode groups
LED1 to LED4 may include a plurality of LEDs connected
in series, parallel, or serial-parallel to each other. For con-
venience ol description, the plurality of LEDs are repre-
sented by one diode symbol.

The power supply unit 1s configured to rectily an AC
voltage introduced from outside and output the rectified
voltage.

The power supply unit may include an AC power supply
VAC for supplying an AC voltage, the triac 11, a rectifier
circuit 12 for outputting the rectified voltage, and a capacitor
C for smoothing the rectified voltage outputted from the
rectifier circuit 12. The AC power supply VAC may include
a commercial power supply.

The triac 11 has a dimming function of controlling the
brightness of the lamp 10. The triac 11 may control the phase
of the AC voltage transmitted to the rectifier circuit 12
according to control of a user using a control unit (not
illustrated) which 1s separately included 1n the dimmer, and
the brightness of the lamp 10 may be adjusted through the
phase control of the AC voltage by the triac 11.

The phase control of the AC voltage by the triac 11 may
be performed by controlling conduction timing based on the
position at which the zero potential of the sine-wave AC
voltage 1s detected (zero potential detection position). That
1s, the triac 11 may output an AC voltage to have a phase
controlled according to the conduction timing.

The rectifier circuit 12 full-wave rectifies the AC voltage
having a wavetform of which the phase i1s controlled by the
triac 11, and outputs the rectified voltage. Thus, as 1llustrated
in FIG. 2, the rectified voltage has a npple at which the
voltage level thereof 1s repetitively changed on a basis of a
half cycle of the AC voltage.

The control unit includes a control unit 14 and a current
sensing resistor Rs. The control unit 14 performs current
regulation for light emission of the respective LED groups
LED1 to LED4, and provides a current path through the
current sensing resistor Rs of which one end 1s grounded.

According to the above-described configuration, the LED
groups LED1 to LED4 of the lamp 10 are sequentially
turned on or off 1 response to rises or falls of the rectified
voltage, and the control unit 14 performs current regulation
to selectively provide a current path for light emission of the
respective LED groups LEDI1 to LEDA4.

The light emission voltage V4 1s defined as a voltage for
controlling all of the LED groups LED1 to LED4 to emut
light, the light emission voltage V3 1s defined as a voltage
for controlling the LED groups LED1 to LED3 to emut light,
the light emission voltage V2 i1s defined as a voltage for
controlling the LED groups LED1 and LED2 to emait light,
and the light emission voltage V1 1s defined as a voltage for
controlling only the LED group LED1 to emit light.

The control unit 14 may provide a current path by
performing current regulation using the current sensing
voltage of the current sensing resistor Rs, and the current
sensing voltage may be varied by the current amount of the




US 9,572,220 B2

S

current path, which 1s changed according to the light emiat-
ting states of the respective LED groups of the lamp 10. At
this time, the current flowing through the current sensing
resistor Rs may include a constant current.

The control unit 14 includes a plurality of switching
circuits 31 to 34 and a reference voltage supply unit 20. The
plurality of switching circuits 31 to 34 provide a current path
for the LED groups LED1 to LED4, and the reference
voltage supply unit 20 provides reference voltages VREF1
to VREF4.

The reference voltage supply unit 20 includes a plurality
of resistors R1 to RS which are connected 1n series to receive
a constant voltage VREF. The resistor R1 1s connected to a
ground, and the resistor RS receives the constant voltage
VREF and serves as a load resistor for adjusting an output.
The resistors R1 to R4 serve to output the reference voltages
VREF1 to VREF4 having different levels. Among the ref-
erence voltages VREF1 to VREF4, the reference voltage
VREF1 may have the lowest voltage level, and the reference
voltage VREF4 may have the highest voltage level.

The resistors R1 to R4 may have resistance values which
are set to output four reference voltages VREF1 to VREF4
of which the levels gradually rise in response to variations
of the rectified voltage applied to the LED groups LED1 to
L.DE4.

The reference voltage VREF1 has a level for turming ofl
the switching circuit 31 at the point of time that the LED
group LED2 emits light. More specifically, the reference
voltage VREF1 may be set to a level equal to or lower than
the current sensing voltage which 1s formed 1n the current
sensing resistor Rs by the light emission voltage V2.

The reference voltage VREF2 has a level for turning off
the switching circuit 32 at the point of time that the LED
group LED3 emits light. More specifically, the reference
voltage VREF2 may be set to a level equal to or lower than
the current sensing voltage which 1s formed 1n the current
sensing resistor Rs by the light emission voltage V3.

The reference voltage VREF3 has a level for turning off
the switching circuit 33 at the point of time that the LED
group LED4 emits light. More specifically, the reference
voltage VREF3 may be set to a level equal to or lower than
the current sensing voltage which 1s formed in the current
sensing resistor Rs by the light emission voltage V4.

The reterence voltage VREF4 may be set to a higher level
than the current sensing voltage which 1s formed in the
current sensing resistor Rs by the upper limit level of the
rectified voltage.

The switching circuits 31 to 34 are commonly connected
to the current sensing resistor Rs for providing the current
sensing voltage.

The switching circuits 31 to 34 are turned on or off
according to comparison results between the current sensing
voltage of the current sensing resistor Rs to the reference
voltages VREF1 to VREF4 of the reference voltage supply
unit 20, and selectively provide a current path corresponding,
to the light emitting state of the lamp 10.

Each of the switching circuits 31 to 34 receives a high-
level reference voltage as the switching circuit 1s connected
to an LED group away from the position to which the
rectified voltage 1s applied. Each of the switching circuits 31
to 34 may include a comparator 50 and a switching element,
and the switching element may include an NMOS transistor
52.

The comparator 530 included 1n each of the switching
circuits 31 to 34 receives the reference voltage through a
positive mput terminal (+) thereof, receives the current
sensing voltage through a negative mput terminal (-)
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6

thereof, and outputs the comparison result between the
reference voltage and the current sensing voltage through an
output terminal thereof.

According to the above-described configuration, the
embodiment of FIG. 1 controls the lamp 10 to emit light and
performs a current regulation operation for light emission of
the lamp 10. This operation will be described with reference
to FIG. 2.

When the rectified voltage 1s 1n the initial state, the
plurality of LED groups LED1 to LED4 do not emait light.
Thus, the current sensing resistor Rs may provide a low-
level current sensing voltage.

In this case, all of the switching circuits 31 to 34 maintain
the turn-on state, because the reference voltages VREF1 to
VREF4 applied to the positive mput terminals (+) of the
respective switching circuits 31 to 34 are higher than the
current sensing voltage applied to the negative mput termi-
nals (-).

Then, when the rectified voltage rises to reach the light
emission voltage V1, the LED group LED1 of the lamp 10
emits light. When the LED group LED1 of the lamp 10 emuts
light, the turned-on switching circuit 31 of the control unit
14, connected to the LED group LED1, provides a current
path.

When the rectified voltage reaches the light emission
voltage V1 such that the LED group LED1 emuts light, the
current path 1s formed through the switching circuit 31, and
the level of the current sensing voltage Vsense of the current
sensing resistor Rs rises. At this time, however, since the
level of the current sensing voltage 1s low, the turn-on states
of the switching circuits 31 to 34 are not changed.

Then, when the rectified voltage continuously rises to
reach the light emission voltage V2, the LED group LED2
of the lamp 10 emits light. When the LED group LED2 of
the lamp 10 emaits light, the turned-on switching circuit 32
of the control unit 14, connected to the LED group LED?2,
provides a current path. At this time, the LED group LED1
also maintains the light emitting state.

When the rectified voltage reaches the light emission
voltage V2 such that the LED group LED2 emuts light, the
current path 1s formed through the switching circuit 32, and
the level of the current sensing voltage Vsense of the current
sensing resistor Rs rises. At this time, the current sensing
voltage has a higher level than the reference voltage VREF1.
Theretore, the NMOS transistor 52 of the switching circuit
31 1s turned off by an output of the comparator 50. That 1s,
the switching circuit 31 1s turned off, and the turned-on
switching circuit 32 provides a current path corresponding to
the light emission of the LED group LED?2.

Then, when the rectified voltage continuously rises to
reach the light emission voltage V3, the LED group LED3
of the lamp 10 emits light. When the LED group LED3 of
the lamp 10 emits light, the turned-on switching circuit 33
of the control unit 14, connected to the LED group LED3,
provides a current path. At this time, the LED groups LED1
and LED?2 also maintain the light emitting state.

When the rectified voltage reaches the light emission
voltage V3 such that the LED group LED3 emuts light, the
current path 1s formed through the switching circuit 33, and
the level of the current sensing voltage of the current sensing
resistor Rs rises. At this time, the current sensing voltage has
a higher level than the reference voltage VREF2. Therelore,
the NMOS transistor 32 of the switching circuit 32 1s turned
ofl by an output of the comparator 50. That 1s, the switching
circuit 32 1s turned ofl, and the turned-on switching circuit
33 provides a current path corresponding to the turn-on of

the LED group LED3.
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Then, when the rectified voltage continuously rises to
reach the light emission voltage V4, the LED group LED4
of the lamp 10 emits light. When the LED group LED4 of
the lamp 10 emits light, the turned-on switching circuit 34
of the control unit 14, connected to the LED group LEDA4,
provides a current path. At this time, the LED groups LEDI1
to LED3 also maintain the light emitting state.

When the rectified voltage reaches the light emission
voltage V4 such that the LED group LED4 emits light, the
current path 1s formed through the switching circuit 34, and
the level of the current sensing voltage of the current sensing,
resistor Rs rises. At this time, the current sensing voltage has
a higher level than the reference voltage VREF3. Therelore,
the NMOS transistor 32 of the switching circuit 33 1s turned
ofl by an output of the comparator 50. That 1s, the switching
circuit 33 1s turned off, and the turned-on switching circuit
34 provides a selective current path corresponding to the
light emission of the LED group LEDA4.

Then, although the rectified voltage continuously rises,
the switching circuit 34 maintains the turn-on state, because
the reference voltage VREF4 provided to the switching
circuit 34 has a higher level than the current sensing voltage
formed 1n the current sensing resistor Rs by the upper limait
level of the rectified voltage.

The rectified voltage starts to falls after the upper limit
level. When the rectified voltage falls below the light
emission voltage V4, the LED group LED4 of the lamp 10
1s turned ofl. When the LED group LED4 of the lamp 10 1s

turned off, the LED groups LED3, LED2, and LED1 main-

tain the light emitting state, and the control unit 14 provides
a current path through the switching circuit 33 1n response
to the light emitting state of the LED group LED3.

Then, when the rectified voltage sequentially falls below
the light emission voltages V3, V2, and V1, the LED groups
LED3, LED2, and LEDI1 of the lamp 10 are sequentially
turned ofl. As the LED groups LED3, LED2, and LED1 of
the lamp 10 are sequentially turned off, the control unit 14
provides a selective current path in order of the switching
circuits 33, 32, and 31.

The embodiment of FIG. 1 may include a flicker control

unit 40, and the flicker control unit 40 includes a low angle
detection unit 42, an abnormal wavetorm skip unit 44, and
a driving unit 46.

The low angle detection umt 42 receives the rectified
voltage supplied to the lamp 10, and outputs a low angle
detection signal in order to prevent the occurrence of flicker
at a low angle because a holding current 1s changed by a
characteristic diflerence of the triac 11.

More specifically, the low angle detection unit 42 scales
down the rectified voltage, determines whether the scaled-
down rectified voltage 1s equal to or less than a preset
voltage, and outputs the determination result as the low
angle detection signal. Due to the characteristic difference
by the triac 11, the holding current be changed, and a
rectified voltage having a low angle may be supplied to the
lamp 10, while having a level equal to or less than a
permissible level. In this case, the lamp 10 may flicker due
to the low-level rectified voltage. When a rectified voltage
having a low angle and being equal to or less than a
predetermined voltage 1s detected, the low angle detection
unit 42 outputs a low angle detection signal for preventing,
tflickering of the lamp 10.

That 1s, as 1illustrated 1n FIG. 2, the low angle detection
unit 42 may set a region A 1n which the LED group LED1
1s turned off to a low angle region, and detect that a rectified
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voltage having a low angle corresponding to the low angle
region and being equal to or less than the preset level 1s
provided to the lamp 10.

The abnormal waveform skip unit 44 receives the rectified
voltage supplied to the lamp 10, and outputs an abnormal
wavelorm skip signal in response to an abnormal waveform
period of the rectified voltage at the 1nitial stage as illustrated
in FIG. 3.

The abnormal wavetorm skip unit 44 may set a predeter-
mined period of time to the abnormal wavelorm period,
based on the point of time that the rectified voltage starts to
be applied as illustrated in FIG. 3. Then, while counting a
cycle, the abnormal wavetform skip unit 44 may output an
abnormal wavelorm skip signal during a preset cycle.

The mitial rectified wavelorm may be abnormally pro-
vided to the lamp 10 during a predetermined time, due to the
characteristic of the triac 11. Thus, the abnormal wavetorm
skip unit 44 may output an abnormal waveform skip signal
during a predetermined cycle, that 1s, during the period 1n
which the abnormal wavetorm 1s detected.

The driving unit 46 may include a switching element
which 1s driven by the low angle detection signal of the low
angle detection unit 42 and the abnormal waveform skip
signal of the abnormal waveform skip unit 44. The switching
clement may include an NMOS transistor Qc.

The driving unit 46 may be commonly connected to the
gates of the switching elements included in the respective
switching circuits 31 to 34, that 1s, the NMOS transistors 32.

The control unit 14 including the flicker control unit 40
configured 1n the above-described manner performs a con-
trol operation for a low angle and abnormal waveform of the
rectified voltage, while performing current regulation in
response to sequential turn-on/ofl of the respective LED
groups of the lamp 10. Furthermore, the control unit 14
outputs a control signal for the control operation. The
control signal may be defined as a signal applied by the
NMOS transistor Qc of the driving unit 46.

The low angle detection unit 42 detects whether the
rectified voltage having an angle controlled by the triac 11
has a level equal to or less than a preset voltage while having

a low angle corresponding to the low angle region such as
the region A of FIG. 2.

That 1s, the low angle detection unit 42 determines
whether the rectified voltage has a low angle corresponding
to the low angle region such as the region A of FIG. 1 and
has a voltage level equal to or less than the preset voltage,
in a state where the rectified voltage 1s scaled down. When
the rectified voltage corresponds to a low angle and has a
level equal to or less than the preset voltage, the low angle
detection unit 42 outputs a low angle detection signal. For
example, the low angle detection unit 42 may detect the light
emission voltage V1 or the rectified voltage having a low
angle equal to or less than a level which 1s slightly higher
than the light emission voltage V1, and output a low angle
detection signal 1n an enable state (for example, high level).
The level which 1s slightly higher than the light emission
voltage V1 may be set to a level at which tlicker 1s likely to
occur, and determined through an experiment.

When the low angle detection unit 42 1s configured to
detect a rectified voltage equal to or less than the light
emission voltage V1, the low angle detection unit 42 outputs
the low angle detection signal corresponding to the rectified
voltage at a high level, the rectified voltage corresponding to
the low angle region and being equal to or less than the light
emission voltage V1.
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The NMOS transistor Qc of the driving unit 46 maintains
the turn-ofl state as the low-level low angle detection signal
1s applied 1in the nitial normal state.

When the rectified voltage 1s equal to or less than the
preset voltage and corresponds to the low angle region, the
low angle detection unmit 42 outputs the low angle detection
signal at a high level, and the NMOS transistor Qc of the
driving unit 46 1s turned on. As the NMOS ftransistor Qc 1s
turned on, the gate potentials of the NMOS transistors 52 of
the switching circuits 31 to 34 1s dropped to a low level.

Thus, when the rectified voltage equal to or less than the
preset voltage level and having a low angle 1s mnputted to the
lamp 10 due to the characteristic of the triac 11, the lamp 10
maintains the turn-o " of the

1 state 1n response to the turn-ofil
NMOS transistors 52 of the switching circuits 31 to 34. That
1s, according to the control of the driving unit 46 using the
low angle detection signal, the turn-off state of the NMOS
transistor 52 can be stabilized. As a result, an unstable
situation or flicker caused by the characteristic of the dim-
mer 11 can be prevented.

Furthermore, when the rectified voltage starts to be
applied as illustrated in FI1G. 3, the abnormal waveform skip
unit 44 outputs an abnormal waveform skip signal during a
preset cycle based on the point of time that the rectified
voltage 1s applied. That 1s, the abnormal waveform skip unit
44 outputs the abnormal wavelorm skip signal at a high level
during the preset cycle from the point of time that the
rectified voltage 1s applied.

The NMOS transistor Qc of the driving unit 46 maintains
the turn-ofl state 1n response to the abnormal waveform skip
signal which 1s provided at a low level 1n a normal state.

However, when the abnormal waveform skip umt 44
outputs the abnormal wavetform skip signal at a high level,
the NMOS transistor Qc of the driving unmit 46 1s turned on.
As the NMOS transistor Q¢ 1s turned on, the gate potentials
of the NMOS ftransistors 32 of the switching circuits 31 to
34 are dropped to a low level.

Thus, the abnormal waveform skip signal maintains a
high level during the cycle 1n which the abnormal waveform
1s applied at the 1nitial stage of the rectified voltage due to
the characteristic of the triac 11, and the NMOS transistors
of the switching circuits 31 to 34 maintain the turn-ofil state
in response to the high-level abnormal waveform skip
signal. That 1s, according to the control of the driving unit 46
using the abnormal wavelorm skip signal, light emission of
the lamp 10 by the rectified voltage having an unstable
wavelorm at the mitial stage can be skipped.

As a result, 1t 1s possible to prevent the occurrence of
flicker 1n the lamp 10 by the rectified voltage having an
unstable waveform at the mitial stage due to the triac 11.

FIG. 1 1llustrates that the driving unit 46 1s commonly
connected to the switching circuits 31 to 34. However, the
present mvention 1s not limited thereto, but a plurality of
driving units 46 may correspond one-to-one to the respective
switching circuits 31 to 34. At this time, the low angle
detection signal of the low angle detection unit 42 and the
abnormal waveform skip signal of the abnormal wavelorm
skip unit 44 may be commonly provided by the plurality of
driving units 46.

Furthermore, as illustrated 1n FIG. 4, the present embodi-
ment may control the light emission of the lamp 10 by
adjusting the reference voltages of the reference voltage
supply unit 20, unlike the configuration FIG. 1. As a result,
the occurrence of flick may be reduced.

In the embodiment of FIG. 4, the same parts as those of
FIG. 1 are represented by like reference numerals, and the
duplicated descriptions thereof are omitted herein.
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In the embodiment of FIG. 4, the driving unit 46 1s
connected to a node between the resistors RS and R4 of the
reference voltage supply unit 20.

That 1s, the NMOS transistor Qc of the driving unit 46 has
a source connected to the node which outputs the reference
voltage having the highest level among the nodes of the
resistors included in the reference voltage supply unit 20.

According to the above-described configuration, the driv-
ing unit 46 1s turned on when the low angle detection signal
of the low angle detection unit 42 and the abnormal wave-
form skip signal of the abnormal wavetorm skip unit 44 are
applied at a high level.

The level of the node between the resistors RS and R4 of
the reference voltage supply unit 20 falls to the ground
voltage when the NMOS transistor Qc of the driving unit 46
1s turned on, and rises to the reference voltage VREF4 when
the NMOS transistor Qc of the driving unit 46 1s turned off.
Furthermore, the voltages of the nodes from which the other
reference voltages VREF1, VREF2, and VREF3 are output-
ted also swing between the ground voltage and the respec-
tive reference voltages 1n connection with the operation of
the driving unit 46.

When the NMOS transistor Qc of the driving unit 46 1s
turned on 1n response to the period 1n which the low angle
detection signal and the abnormal wavetorm skip signal are
applied at a high level, all of the levels of the reference
voltages VREF1 to VREF4 fall to the ground voltage. In this
case, each of the comparators 30 outputs a low-level voltage
to the gate of the transistor 32. In connection with the
operations of the comparators 50, the gate voltages of the
NMOS transistors 52 mcluded in the switching circuits 31 to
34 are turned ofl, and the current path 1s blocked.

When the NMOS transistor Qc of the driving unit 46 1s
turned ofl 1 response to a normal period 1n which the low
angle detection signal and the abnormal waveform skip
signal are applied at a low level, the levels of the reference
voltages VREF1 to VREF4 are recovered. Thus, the com-
parators of the switching circuits 31 to 34 perform a normal
operation according to the level of the rectified voltage.

Thus, while the low angle detection signal and the abnor-
mal wavelorm skip signal are outputted at a high level due
to the characteristic of the triac 11, the NMOS transistors 52
of the switching circuits 31 to 34 stably maintain the turn-oif
state. As a result, an unstable situation or flicker of the lamp
10 caused by the characteristic of the triac 11 or environment
factors can be prevented.

As such, the embodiment of FIG. 4 can also prevent an

unstable situation or flicker of the lamp 10 caused by the
characteristic of the triac 11 or environment factors, like the
embodiment of FIG. 1.

Therefore, the LED lighting apparatus and the control
circuit thereof 1n accordance with the embodiment of the
present invention may employ the dimmer using the triac to
perform the bright control function, and reduce flicker
occurring 1n a low angle region of the rectified voltage or
flicker caused by an abnormal waveform of the rectified
voltage at the initial stage, thereby stably driving the LED
lighting apparatus.

While various embodiments have been described above,
it will be understood to those skilled in the art that the
embodiments described are by way of example only.

Accordingly, the disclosure described herein should not be
limited based on the described embodiments.

The mvention claimed 1s:
1. A control circuit of an LED lighting apparatus, which
controls a lamp divided into a plurality of LED groups to
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emit light 1n response to a rectified voltage outputted
through a dimmer using a triac, the control circuit compris-
ng:

a reference voltage supply unit configured to provide
reference voltages having different levels to the respec-
tive LED groups;

a tlicker control unit configured to provide a control signal
in response to the rectified voltage having a low angle
corresponding to a preset low angle region and equal to
or less than a preset level; and

a plurality of switching circuits configured to selectively
provide a current path in response to light emission of
the LED groups, perform current regulation for selec-
tively providing the current path by comparing the
reference voltages of the respective LED groups to a
current sensing voltage corresponding to the current
amount of the current path, and turn off the current path
in response to the control signal,

wherein the control circuit controls flicker caused by a
change of the rectified voltage which occurs due to the
triac.

2. The control circuit of claim 1, wherein the flicker

control unit comprises:

a low angle detection unit configured to output a low
angle detection signal in response to the rectified volt-
age having the low angle corresponding to the preset
low angle region and equal to or less than the preset
level; and

a driving unit configured to output the control signal
corresponding to the low angle detection signal.

3. A control circuit of an LED lighting apparatus, which
controls a lamp divided into a plurality of LED groups to
emit light 1 response to a rectified voltage outputted
through a dimmer using a triac, the control circuit compris-
ng:

a reference voltage supply unit configured to provide
reference voltages having different levels to the respec-
tive LED groups;

a flicker control unit configured to detect an 1nitial abnor-
mal waveform period of the rectified voltage and
provide a control signal corresponding to the abnormal
wavelorm period; and

a plurality of switching circuits configured to selectively
provide a current path 1n response to light emission of
the LED groups, perform current regulation for selec-
tively providing the current path by comparing the
reference voltages of the respective LED groups to a
current sensing voltage corresponding to the current
amount of the current path, and turn off the current path
during the abnormal waveform period 1n response to
the control signal,

wherein the control circuit controls tlicker caused by a
change of the rectified voltage which occurs due to the
triac.

4. The control circuit of claim 3, wherein the flicker
control unit further provides the control signal 1n response to
the rectified voltage having a low angle corresponding to a
preset low angle region and equal to or less than a preset
level.

5. The control circuit of claim 4, wherein the flicker
control unit comprises:

a low angle detection unit configured to output a low
angle detection signal 1n response to the rectified volt-
age having the low angle corresponding to the preset
low angle region and equal to or less than the preset
level;
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an abnormal waveform skip unit configured to detect the
initial abnormal wavetorm period of the rectified volt-
age and provide an abnormal waveform skip signal
corresponding to the abnormal waveform period; and

a drniving umt configured to output the control signal
corresponding to the low angle detection signal and the
abnormal wavelorm skip signal.

6. The control circuit of claim 3, wherein the flicker

control unit comprises:

an abnormal waveform skip unit configured to detect the
initial abnormal waveform period of the rectified volt-
age and provide an abnormal waveform skip signal
corresponding to the abnormal waveform period; and

a driving unit configured to output the control signal
corresponding to the abnormal waveform skip signal.

7. The control circuit of claam 1, wherein the flicker
control unit provides the control signal to switching ele-
ments ncluded in the respective switching circuits, and
turns ofl the current path.

8. The control circuit of claim 7, wherein each of the
switching circuits comprises:

a comparator configured to compare the reference voltage
to the current sensing voltage and output the compari-
son result; and

a switching element configured to selectively provide the
current path according to the control signal and the
output of the comparator.

9. A control circuit of an LED lighting apparatus, which
controls a lamp divided into a plurality of LED groups to
emit light 1n response to a rectified voltage outputted
through a dimmer using a triac, the control circuit compris-
ng:

a tlicker control unit configured to provide a control signal
corresponding to the rectified voltage having a low
angle corresponding to a preset low angle region and
equal to or less than a preset level or detect an 1nitial
abnormal waveform period of the rectified voltage and
provide a control signal corresponding to the abnormal
wavelorm period;

a reference voltage supply unit configured to provide
reference voltages having different levels to the respec-
tive LED groups, and vary the output levels of the
reference voltages in response to the control signal; and

a plurality of switching circuits configured to selectively
provide a current path 1n response to light emission of
the LED groups, perform current regulation for selec-
tively providing the current path by comparing the
reference voltages of the respective LED groups to a
current sensing voltage corresponding to the current
amount of the current path, and turn off the current path
in response to the level changes of the reference
voltages by the control signal.

10. The control circuit of claim 9, wherein the reference
voltage supply unit comprises a plurality of resistors con-
nected 1n series, nodes for the respective resistors output the
reference voltages having different levels to the respective
LED groups, and the control signal 1s applied to the node
which outputs the reference voltage having the highest level.

11. An LED lighting apparatus comprising:

a lamp comprising a plurality of LEDs divided into a
plurality of LED groups which sequentially emit light;

a power supply unit comprising a triac and configured to
provide a rectified voltage to the lamp using an AC
voltage having a phase controlled through the triac;

a control circuit configured to selectively provide a cur-
rent path in response to light emission of the LED
groups, provide the current path by comparing refer-
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ence voltages supplied at different levels to the respec- current sensing voltage, and turn off the current path
tive groups to a current sensing voltage corresponding during the abnormal wavetorm period in response to
to the current amount of the current path, and turn off the control signal.

13. The LED lighting apparatus of claim 11, wherein the

5 control circuit comprises:
a tlicker control unit configured to provide a control signal
corresponding to the rectified voltage having the low
angle corresponding to the preset low angle region and

the current path in response to the rectified voltage
having a low angle corresponding to a preset low angle
region and equal to or less than a preset level or detect
an 1mtial abnormal waveform period of the rectified

voltage and turn ofl the current path 1n response to the equal to or less than the preset level or detect the initial

abnormal wavetorm period; and abnormal waveform period of the rectified voltage and

a current sensing element configured to provide the cur- 0 provide a control signal corresponding to the abnormal
rent sensing voltage for the current path. wavelorm period;

12. The LED lighting apparatus of claim 11, wherein the a reference voltage supply unit configured to provide the

control circuit comprises: reference voltages having diflerent levels to the respec-

a reference voltage supply unit configured to provide 5 tive LED groups, .and vary the ‘OUJ[PUJ[ levc?ls of the

reference voltages having different levels to the respec- reference voltages in response to the control signal; and

a plurality of switching circuits configured to selectively

tive LED groups;

a tlicker control umt configured to a control signal cor-
responding to the rectified voltage having the low angle
corresponding to the preset low angle region and equal »g
to or less than the preset level or detect the initial
abnormal waveform period of the rectified voltage and
provide a control signal corresponding to the abnormal
wavelorm period; and

a plurality of switching circuits configured to selectively 35
provide the current path in response to light emission of
the LED groups, perform current regulation for selec-
tively providing the current path by comparing the
reference voltages of the respective LED groups to the I I

provide the current path in response to light emission of
the LED groups, perform current regulation for selec-
tively providing the current path by comparing the
reference voltages of the respective LED groups to the
current sensing voltage, and turn off the current path 1n
response to the level changes of the reference voltage
by the control signal.

14. The control circuit of claim 3, wherein the flicker
control unit provides the control signal to switching ele-
ments ncluded i the respective switching circuits, and
turns ofl the current path.
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